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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a dielectric 
waveguide, particularly a dielectric waveguide used for 
a transmission line and an integrated circuit for millime- 
ter- wave band and the micro-wave band. 

2. Description of the Related Art 

There is a dielectric waveguide in which an electro- 
magnetic wave is transferred along a dielectric strip pro- 
vided between two parallel electrically conductive 
planes. Especially when the distance between the two 
electrically conductive planes is set toj>half the wave- 
length or less to provide a non-propagating area, a non- 
radiative dielectric waveguide ( NRD guide ) is made, 
which does-not radiate an electromagnetic wave from 
the dielectric strip. Such a tine has been developed as a 
transmission line having a low transmission loss or as 
an integrated dielectric waveguide apparatus. 

Fig. 1 5A and 1 5B show cross sectional views of two 
configuration examples of a conventional NRD guide. In 
Fig. 15(A), there is shown electrically conductive plates 
12 made from metallic plates and forming two parallel 
electrically conductive planes, and a dielectric strip 11 
disposed therebetween. In Fig. 15(B), there is shown 
dielectric plates 1V made from synthetic resin or dielec- 
tric ceramic and having dielectric strips 11 and elec- 
trode films 5 on the outer surfaces of the dielectric 
plates 11 \ The two dielectric plates are disposed such 
that they oppose each other at the positions where the 
dielectric strips are formed. As described above, the 
NRD guides are formed with the dielectric strips serving 
as propagating areas and both sides thereof serving as 
non-propagating areas (non-propagating areas). 

With the dielectric waveguide having the structure 
shown in Fig. 15(A), the electrically conductive plates 
12 and the dielectric strip 11 need to be manufactured 
separately, and it is difficult to position and secure the 
dielectric strip 11 against the electrically conductive 
plates 12. With the dielectric waveguide having the 
structure shown in Fig. 15(B), to use the dielectric strips 
1 1 as propagating areas and both sides thereof as non- 
propagating areas, portions (flanges) of the dielectric 
plates 1 1 ' serving as the non-propagating areas need to 
be thin. This brings about difficulty in manufacturing and 
a strength problem may arise. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a dielectric waveguide which has no prob- 
lems in positioning and securing dielectric strips, and in 
manufacturing and strength. 


The foregoing object is achieved in one aspect of 
the present invention through the provision of a dielec- 
tric waveguide in which a dielectric strip is disposed 
between two substantially parallel electrically conduc- 

5 tive planes, wherein dielectric ceramic sheets are lami- 
nated and baked to form a first area having a high 
effective dielectric constant and a second area having a 
lower effective dielectric constant than the first area, 
and electrode films are formed on the outer surfaces 

w thereof to make the first area serve as the dielectric strip 
and the electrode films serve as the electrically conduc- 
tive planes. 

With this structure, the electrically conductive 
planes and the dielectric strip are laminated and baked. 

is Therefore, unlike a dielectric waveguide having the 
structure shown in Fig. 15(A), it is unnecessary to man- 
ufacture the electrically conductive plates and the die- 
lectric strip separately, and a problem in positioning and 
securing them is eliminated. In addition, when a com- 

20 plete air layer is not used for the second area having a 
lower effective dielectric constant but a laminated por- 
tion having a lower effective dielectric constant in the 
dielectric sheets is used for the second area, since a 
dielectric ceramic layer having a lower effective dielec- 

25 trie constant exists in the non-propagating area, unlike a 
dielectric waveguide having the structure shown in Fig. 
15(B), a problem in manufacturing and strength caused 
by a thin non -propagating area is also eliminated. 

The foregoing object is achieved in another aspect 

30 of the present invention through the provision of a die- 
lectric waveguide separated by surfaces parallel to two 
electrically conductive planes, wherein two dielectric 
plates each of which has dielectric ceramic sheets lam- 
inated and baked to form a first area having a high effec- 
ts tive dielectric constant and a second area having a 
lower effective dielectric constant than the first area, 
and each of which has an electrode film on one main 
surface are disposed such that the surfaces on which 
the electrodes are formed are placed outside and the 

40 first areas oppose to make the first areas serve as the 
dielectric strip and the electrode films serve as the elec- 
trically conductive planes. 

With this structure, by providing a substrate having 
a plane circuit, between the two dielectric plates each of 

45 which has an electrode film on one main surface, a 
plane- circuit coupling type dielectric waveguide is eas- 
ily formed. 

In the dielectric waveguide, a dielectric ceramic 
sheet in which an opening is made in advance may be 

so laminated to form the second area having a lower effec- 
tive dielectric constant by the lamination of the opening. 
In this case, a laminated structure of dielectric ceramic 
having the first area with a high effective dielectric con- 
stant and the second area with a low effective dielectric 

55 constant is easily formed. The opening may be formed 
throughout the second area. When the second area is 
provided with a number of minute openings (holes), a 
problem in manufacturing and strength caused by a thin 
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non-propagating area is also eliminated. 

In the dielectric waveguide, the second area may 
be filled with a dielectric having a lower dielectric con- 
stant than the first area. In this case, even if the open- 
ings are formed throughout the second area, a problem 
in manufacturing and strength caused by a thin non- 
propagating area is eliminated. The dielectric 
waveguide may be formed such that a dielectric ceramic 
sheet in which an opening is made in advance is lami- 
nated and a portion where the opening is laminated is 
filled with a dielectric having a higher dielectric constant 
than the second area to form the first area. In this case, 
a laminated structure of dielectric ceramic having the 
first area with a high effective dielectric constant and the 
second area with a low effective dielectric constant is 
easily formed. Since the non- propagating areas are not 
thin, a problem in strength and manufacturing is 
avoided. Also in this case, the opening may be formed 
throughout the first area. A dielectric waveguide may be 
configured such that the first area is provided with a 
number of minute openings (holes) and each opening is 
filled with a dielectric having a high dielectric constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view of a dielectric 
waveguide according to a first embodiment. 

Fig. 2 is a perspective view of the dielectric 
waveguide. 

Fig. 3 is an exploded perspective view of a dielectric 
waveguide under manufacturing according to a second 
embodiment. 

Fig. 4 is a perspective view of the dielectric 
waveguide under manufacturing. 

Fig. 5 is a cross section of the dielectric waveguide. 

Fig. 6 shows a cross section of the dielectric 
waveguide in another condition. 

Fig. 7 is an exploded perspective view of a dielectric 
waveguide under manufacturing according to a third 
embodiment. 

Fig. 8 is a cross section of the dielectric waveguide. 

Fig. 9 is a cross section of a dielectric waveguide 
according to a fourth embodiment. 

Fig. 10 is an exploded perspective view of a dielec- 
tric waveguide according to a fifth embodiment. 

Fig. 11 is a cross section of the dielectric 
waveguide. 

Fig. 12 is a cross section of a dielectric waveguide 
according to a sixth embodiment. 

Fig. 13 is an exploded perspective view of a dielec- 
tric waveguide according to a seventh embodiment. 

Fig. 14 is a cross section of the dielectric 
waveguide. 

Fig. 15 is a cross section showing the structure of a 
conventional dielectric waveguide. 


DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 and Fig. 2 show the structure of a dielectric 
waveguide according to a first embodiment of the 

5 present invention. 

Fig. 1 is an exploded perspective view in which die- 
lectric ceramic sheets constituting a dielectric 
waveguide are separately illustrated. The dielectric 
ceramic sheets 2 serving as the outermost layers have 

io a uniform dielectric constant whereas the dielectric 
ceramic sheets 1 include high -dielectric-constant por- 
tions 3 and low-dielectric-constant portions 4. The low- 
dielectric-constant portions 4 are made by making a 
number of minute holes by punching in dielectric 

is ceramic sheets. In other words, the effective dielectric 
constant of the high-dielectric-constant portions 3 is the 
same as that of the original dielectric ceramic sheet. 
The effective dielectric constant of the low-dielectric- 
constant portions 4 is lower than that of the high-elec- 

20 trie-constant portions 3. 

The difference of the dielectric constant may. of 
course, be formed by joining tow kind of dielectric mate- 
rials. Fig. 2 shows the condition in which each of the die- 
lectric ceramic sheets 1 and 2 illustrated in Fig. 1 is 

25 laminated in a green sheet state (unbaked state) and 
baked to be a unit, and electrode films 5 are formed on 
the upper and lower surfaces thereof. The electrode 
films 5 are formed by Ag electrode printing or Cu plat- 
ing. The distance between the electrode films 5 is set to 

30 half the wavelength in the guide determined by the 
effective dielectric constant of the low-dielectric-con- 
stant portions 4 or less and also set to more than half 
the wavelength in the guide determined by the effective 
dielectric constant of the high-dielectric-constant por- 

35 tions 3. With these operations, the electrode films 5 
form two parallel electrically conductive planes, the 
high-dielectric-constant portions 3 therebetween serve 
as a dielectric strip and it works as a propagating area 
for transmitting an electromagnetic wave having a polar- 

40 ized wave parallel to the electrode films 5, and the low- 
dielectric-constant portions 4 at both sides thereof work 
as non-propagating areas for blocking an electromag- 
netic wave having a polarized wave parallel to the elec- 
trode films 5. 

45 As shown in Fig. 1, since the outermost dielectric 
ceramic sheets are homogeneous (having no minute 
openings), electrode films can be easily formed on the 
outside surfaces thereof. The structure of a dielectric 
waveguide according to a second embodiment will be 

so described below by referring to Fig. 3 to Fig. 6. 

Fig. 3 is an exploded perspective view showing the 
structure of each dielectric ceramic sheet in a green 
sheet state. In the figure, dielectric ceramic sheets 1 are 
provided with openings such that dielectric strip sec- 

55 tions 1 a and 1 b later serving as dielectric strips are con- 
nected to a frame 1w. The outermost dielectric ceramic 
sheets 2 are not provided with openings. 

Fig. 4 is a perspective view showing the condition in 
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which the dielectric ceramic sheets 1 and 2 illustrated in 
Fig. 3 are laminated in a green sheet state and baked, 
and then electrode films 5 are formed on the upper and 
lower surfaces thereof. After the dielectric ceramic 
sheets are laminated and integrated as described 5 
above, the portion enclosed by a two-dot chain line is 
taken out (an unnecessary portion outside the portion 
enclosed by the two- dot chain line is removed) to obtain 
a dielectric waveguide having the two dielectric strips 1 a 
and lb between electrically conductive parallel planes. 70 

Fig. 5 is a cross section of the dielectric waveguide 
taken on a line passing through the dielectric strips 1a 
and 1b. Fig. 6 is a cross section showing the condition 
in which air layers (the openings of the dielectric 
ceramic sheets) are filled with a dielectric 6 having a low 15 
dielectric constant. In either structure shown in Fig. 5 or 
Fig. 6, by specifying the distance between the electrode 
films 5, and the effective dielectric constants of propa- 
gating areas and non-propagating areas, a dielectric 
waveguide is obtained in which the dielectric strips 1a 20 
and 1b serve as propagating areas and the other por- 
tions serve as non-propagating areas. 

The dielectric waveguide according to the second 
embodiment operates as a directional coupler having 
two close parallel dielectric waveguides. The structure 25 
of a dielectric waveguide according to a third embodi- 
ment will be described below by referring to Fig. 7 and 
Fig. 8. 

Fig. 7 is an exploded perspective view showing the 
structure of each dielectric ceramic sheet in a green 30 
sheet state. In the figure, dielectric ceramic sheets 1 are 
provided with openings Ha and Hb. Dielectric ceramic 
sheets 1 and 2 are laminated and baked, electrode films 
are formed on both main surfaces and then a necessary 
portion is taken out in the same way as shown in Fig. 4 35 
to obtain a laminated member in which air layers serve 
as dielectric strips. 

Fig. 8 is a cross section showing the condition in 
which the air layers are filled with high-dielectric- con- 
stant dielectrics 7. In the figure, the high-dielectric- con- 40 
stant dielectrics 7 have a higher relative dielectric 
constant than the dielectric ceramic sheets 1 . In this 
structure, by specifying the distance between the elec- 
trode films 5, and the relative dielectric constants of the 
high-dielectric-constant dielectrics 7 and the dielectric as 
ceramic sheets 1 and 2, a dielectric waveguide is 
obtained in which the high-dielectric-constant dielec- 
trics 7 serve as propagating areas and the other por- 
tions serve as non-propagating areas. 

Fig. 9 is a cross section of a dielectric waveguide so 
according to a fourth embodiment. Unlike the first 
embodiment shown in Fig. 1 and Fig. 2, in this embodi- 
ment, dielectric ceramic sheets 1 having high-dielectric- 
constant portions 3 and low-dielectric-constant portions 
4, and dielectric ceramic sheets 2 having a uniform die- ss 
lectric constant are alternately laminated. The dielectric 
ceramic sheets are laminated in this way and baked, 
and electrode films 5 are formed on the upper and lower 


surfaces thereof. The effective dielectric constant of the 
integrated high-dielectric-constant portions 3 is thereby 
increased to set the portions to a propagating area and 
the other portions to non-propagating areas. The struc- 
ture of a dielectric waveguide according to a fifth 
embodiment will be described below by referring to Fig. 
10 and Fig. 11. 

Fig. 10 is an exploded perspective view in which 
dielectric ceramic sheets constituting a dielectric 
waveguide are separately shown. In the figure, there 
are shown dielectric ceramic sheets 1 and 2. The die- 
lectric ceramic sheets 2 serving as the outermost layers 
have a uniform dielectric constant in the whole areas 
whereas the dielectric ceramic sheets 1 include high- 
dielectric-constant portions 3 and low-dielectric-con- 
stant portions 4. The high-dielectric-constant portions 3 
are made by making a number of minute openings 
(holes) by punching in dielectric ceramic sheets and by 
filling the openings with high-dielectric-constant dielec- 
trics to increase their effective dielectric constant. 
Therefore, the effective dielectric constant of the low- 
dielectric-constant portions 4 is the same as that of the 
original dielectric ceramic sheet. 

Fig. 11 shows the condition in which the dielectric 
ceramic sheets 1 and 2 illustrated in Fig. 10 are lami- 
nated in a green sheet state and baked, and electrode 
films 5 are formed on the upper and lower surfaces in 
the figure. The distance between the electrode films 5 is 
set to half the wavelength in the guide determined by 
the effective dielectric constant of the low-dielectric- 
constant portions 4 or less and also set to more than 
half the wavelength in the guide determined by the 
effective dielectric constant of the high-dielectric-con- 
stant portions 3. With these operations, the electrode 
films 5 form two electrically conductive parallel planes, 
the high-dielectric-constant portions 3 therebetween 
serve as a dielectric strip and it works as a propagating 
area and the low-dielectric-constant portions 4 at both 
sides thereof work as non-propagating areas. 

Fig. 12 is a cross section showing the structure of a 
dielectric waveguide according to a sixth embodiment. 
This dielectric waveguide is formed by a pair of dielec- 
tric waveguides having the structure shown in Fig. 6, in 
which the electrode film is formed only on one surface, 
with their surfaces on which electrode films are not 
formed being opposed, and a substrate 8 disposed ther- 
ebetween. The substrate is disposed between the 
upper and lower two dielectric strips, and a dielectric 
waveguide is formed in which dielectric strip portions 1a 
serve as a propagating area and the other portions 
serve as a non-propagating area. The substrate may 
have a suspended line, a slot line or a coplanar line on 
the its surface. The suspended line, for example, may 
be formed by providing an electrically conductive pat- 
tern ( strip ) on the substrate 8. Thereby, the dielectric 
waveguide is coupled with a circuit element formed on 
the substrate. The structure of a dielectric waveguide 
according to a seventh embodiment will be described 
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below by referring to Fig. 13 and Fig. 

Fig. 13 is a partial exploded perspective view of the 
main section of a dielectric waveguide. In the figure, 
there is shown dielectric ceramic sheets 1a, 1b, 1c, and 
2. Among them, the dielectric ceramic sheets 1a, 1b, 
and 1c are formed by providing common dielectric 
ceramic sheets with openings to form each layer as 
shown, for example, in Fig. 3. Each layer is laminated 
and baked to make a pair of laminated members and 
electrode films 5 are formed on the outer surfaces. 
r-> Fig. 14(A) is a cross section of the dielectric 
^ waveguide shown in Fig. 13, and 

Fig. 14(B) is a cross section of the dielectric 
waveguide in which a substrate 8 is sandwiched by the 
two laminated members. In either structure, the portions 
indicated by 1a, 1b, and 1c operate as dielectric strips 
and serve as propagating areas, and the other portions 
serve as non-propagating areas. In the structure shown 
in Fig. 14(B), since the substrate 8 is provided with an 
electrically conductive pattern and circuit devices such 
as a VCO and a mixer, a plane-circuit coupling type die- 
lectric waveguide apparatus is formed in which these 
components are coupled with the dielectric waveguide. 
In each embodiment, the outermost layers are formed 
of dielectric ceramic sheets and electrode films are pro- 
vided for the layers to form electrically conductive paral- 
lel planes. The outermost layers may be formed of metal 
plates to provide electrically conductive planes. In each 
embodiment, homogeneous dielectric ceramic sheets 
are used for the outermost-layer dielectric ceramic 
sheets. Instead of such homogeneous dielectric 
ceramic sheets, ceramic sheets having high-effective- 
dielectric-constant portions and low-effective-dielectric- 
constant portions may be used for all layers including 
the outermost layers. In addition to a non-radiative die- 
lectric waveguide, it is needless to say that the present 
invention can be also applied to an H guide in which the 
distance between two electrically conductive parallel 
f ^planes exceeds half the wavelength. 

Claims 


id bake 


(1, 2) laminated and baked to form a first area (3) 
having a high effective dielectric constant and a 
second area (4) having a lower effective dielectric 
constant than the first area (3), and each of which 

5 has an electrode film (5) on one main surface are 

disposed such that the surfaces on which the elec- 
trodes are formed are placed outside and the first 
areas (3) oppose to make the first areas (3) serve 
as the dielectric strip (1 a. 1b, 1c) and the electrode 

;o films (5) serve as the electrically conductive planes. 

3. A dielectric waveguide according to one of Claims 1 
and 2, wherein a dielectric ceramic sheet (1) in 
which an opening is made in advance is laminated 

15 to form the second area (4) by the lamination of the 
opening. 

4. A dielectric waveguide according to Claim 3, 
wherein the second area (4) is filled with a dielectric 

20 having a lower dielectric constant than the first area 
(3). 

5. A dielectric waveguide according to Claim 1 , 
wherein a dielectric ceramic sheet (1) in which an 

25 opening is made in advance is laminated and a por- 
tion where the opening (Ha, Hb) is laminated is 
filled with a dielectric having a higher dielectric con- 
stant than the second area (4). 

30 6. A dielectric waveguide comprising: 

a dielectric body with at least two opposing sur- 
faces including: 


35 


40 


a propagating region 1a, 1b, 1c); 
a non-propagating region (4) whose die- 
lectric constant is lower than the dielectric 
constant of said propagating region (1a. 
1b. 1c); 

electrically conductive layers (5) on said 
respective opposing surfaces. 


1. A dielectric waveguide in which a dielectric strip is 
disposed between two substantially parallel electri- 
cally conductive planes, wherein dielectric ceramic 45 
sheets (1 , 2) are laminated and baked to form a first 
area (3) having a high effective dielectric constant 
and a second area (4) having a lower effective die- 
lectric constant than the first area (3). and electrode 
films (5) are formed on the outer surfaces thereof to so 
make the first area (3) serve as the dielectric strip 
(1a, 1b, 1c)and the electrode films (5) serve as the 
electrically conductive planes. 

2. A dielectric waveguide in which a dielectric strip is 55 
disposed between two substantially parallel electri- 
cally conductive planes, wherein two dielectric 
plates each of which has dielectric ceramic sheets 


7. A dielectric waveguide according to claim 6, 
wherein said non-propagating region (4) includes 
plurality of holes containing air. 

8. A method of producing a dielectric waveguide com- 
prising the steps of: 

preparing ceramic green sheets having: 

a first portion (3). and 
a second portion (4) whose dielectric con- 
stant is lower than the dielectric constant of 
the first portion (3), laminating said plural- 
ity of ceramic green sheets aligning said 
first portions (3) each other; 
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